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complete information on this history can therefore make it difficult to fully investigate the 21 importance of whole genome duplication events on the evolution of genome size and 22 structure . 23 In addition to the direct effect of ploidy on genome size, transposable element 1 (TE) proliferation may follow whole-genome duplications due to the masking of 2 deleterious insertions and a reduction of the efficacy of selection across the genome 3 caused by genome redundancy (recently reviewed in Parisod and Senerchia, 2012; Tayalé 4 and Parisod, 2013). Furthermore, host-mediated silencing of TEs may be disrupted in 5 allopolyploids (where an increase in ploidy is due to interspecific hybridization; Madlung dramatic evolution of genome structure following whole genome duplication. In 9 particular, gene-dense euchromatic regions with very low TE content may experience 10 major accumulation of TEs in genic regions. Such a mechanism may explain, for 11 example, the dramatic transposable element expansion in the maize genome following 12 whole genome duplication ( Here, we use high-coverage whole genome sequence data to evaluate the 1 abundance, genomic distribution, and population frequencies of TEs in the self-fertilizing 2 allotetraploid Capsella bursa-pastoris. Capsella bursa-pastoris is a recently derived 3 allotetraploid, with population genomic evidence for genome-wide reduction in the 4 strength of selection on point mutations due to both gene redundancy and its selfing 5 mating system (Douglas et al. 2015), making it an interesting model to examine the early 6 fate of transposable elements following allopolyploidization. We look for evidence of TE 7 proliferation beyond what would be expected from additivity of its two parental diploid 8 species and use patterns of genomic distribution of TE insertions to distinguish the 9 relative importance of relaxed selection vs. silencing breakdown. We discuss our results 10 in light of the literature on the association between polyploidization, mating system, and 11 TE abundance across plant species. PoPoolation TE approach is designed for pooled population data, the original output is an 7 estimate of the population frequency of each TE insertion. We adjusted the pipeline to 8 use population frequencies to infer insertions as homo-or heterozygous. We ignored as 9 spurious insertions with an estimated frequency of <0.2 and considered insertions with a 10 frequency of >0.8 as homozygous. Intermediate frequency insertions were treated as 11 heterozygous. Note that for our highly selfing tetraploid species, insertions identified as 12 'heterozygous' when mapping to the diploid C. rubella reference genome are in fact 13 likely to be homozygous in one of the two homeologous genomes, and so for C. bursa-14 pastoris, intermediate frequency insertions were treated as homozygous at one of the two 15 homeologues, while fixed insertions were treated as present in both homeologues. To 16 avoid falsely inferring independent insertions due to the uncertainty in the method in the 17 precise genomic position, we treated insertions as the same if the distance of the inferred 18 location of two or more insertions across individuals was < 200 bp and the inferred TE 19 family was identical. In previous work, we performed extensive tests to ensure that this 20 approach could generally distinguish homo-and heterozygous insertions (Ågren et al. To test whether C. bursa-pastoris has experienced an accumulation or loss of TEs 8 following its origin, we calculated the expected diploid TE copy number from a C. 9 orientalis × C. grandiflora hybrid and compared this number to the observed C. bursa-10 pastoris abundance. We randomly paired up C. orientalis and C. grandiflora 11 chromosomes and calculated the average TE copy number of such a cross (where 12 heterozygous insertions were given a copy number of 0.5). We performed 1,000 13
replicates of in silico crosses, sampling with replacement, based on the present-day TE 14 abundances. We then compared the expected copy number to the observed abundance in 15 C. bursa-pastoris and found that C. bursa-pastoris harbours slightly but significantly 16 more insertions genome-wide than what would be expected under strict additivity ( Figure  17 2; Wilcoxon rank sum test, p = 0.01297). Thus, overall we do not observe evidence for a 18 major reduction in host silencing driving high rates of transposition. 19
Since TE insertions near genes will likely disrupt gene function, population 20 genetic theory predicts that selection will rapidly remove such insertions (Dolgin and 21
Charlesworth 2008). Following a whole-genome doubling event, a tetraploid like C. 22
bursa-pastoris will carry twice as many gene copies as its diploid progenitors and the 23 fitness cost of an insertion should therefore be less. As a consequence, tetraploids may be 1 expected to accumulate more TEs near genes than diploids. To test this prediction, we 2 first excluded the centromeric regions of the genome, following the annotation of Slotte 3 et al. (2013) , and considered TE abundance in the gene-rich chromosome arms only. 4
Restricting our attention to these regions, we find that C. bursa-pastoris has a 5 considerably higher TE abundance than expected from additivity ( Figure 3 ; Wilcoxon 6 rank sum test, p = 0.0005828), particularly for retrotransposons. Second, we used the 7 gene annotation from the reference genome of C. rubella (Slotte et al. 2013) to calculate 8 the distance to the closest gene for all TE insertions, in all three species. Again, just like 9 the overall abundance, we are interested in whether C. bursa-pastoris has more insertions 10
near genes than what would be expected by additivity from a C. orientalis × C. 11 grandiflora cross. Using the approach outlined above, we calculated the expected TE 12 copy number within 1000 bp of the closest gene from such a hybrid and compared it to 13 the observed abundance in C. bursa-pastoris. We find that C. bursa-pastoris harbours 14 significantly more insertions near genes, compared to what would be expected under 15 strict additivity (Figure 4 ; Wilcoxon rank sum test, p = 0.000126). 16
We used the presence/absence of all TE insertions, across all individuals in the 17 three species to categorize insertions as either singletons (present in only one individual) 18 or non-singletons (present in more than one individual). We find that C. grandiflora has 19 the highest proportion of singletons, potentially suggesting a higher TE activity and/or 20 stronger purifying selection against insertions than C. orientalis and C. bursa-pastoris, 21 which both show similar proportions of singletons (Table 1) . However, differences in 22 demographic history between the species are likely also contributing to the frequency 23 spectrum, and the overall count of rare insertions is highest in C. bursa-pastoris. Overall, 1 the combination of elevated copy number and a lower proportion of singletons in the 2 tetraploid species is consistent with relaxed purifying selection following the transition to 3 tetraploidy. 4
5
To investigate in more detail the relative importance of inherited TE insertions 6 from parental species vs. new ongoing transposition events, we calculated the percentage 7 of C. bursa-pastoris insertions found in each diploid progenitor species, separated by 8 insertion frequency class ( Figure 5 ). Note that for insertions found in counts greater than 9 7 (our sample size), this would imply that the insertion is found in both homeologous 10 genomes at that position. As expected, low-frequency insertions are rarely found in the 11 progenitor diploid species, suggesting a significant number of new insertions in the 12 tetraploid, although clearly some of these cases may have been unsampled in the 13 population but present in an ancestral diploid genome. In contrast, common insertions 14 and those found on both homeologues tend much more often to be found in one or both patterns, which suggested that while this allopolyploid has not experienced a large-scale 12 'genome shock' since its origin, it is undergoing a global quantitative reduction in the 13 efficacy of selection on amino acid and conserved noncoding mutations. Taken together, 14 our results suggest that long-term relaxation of selective constraints is leading to TE 15 accumulation in gene-rich regions, without a major shift in transposition rate. 16
One important consideration when predicting the effects of polyploidization on 17 genome evolution may be its association with mating system. Under a number of 18 population genetic models highly outcrossing species are predicted to experience higher 19 rates of transposable element activity and copy number (Wright and Schoen, 1999; 20 Morgan, 2001; Charlesworth and Wright, 2001) . Allopolyploidization events that are 21 associated with a retention of high rates of outcrossing could therefore represent a 22 'perfect storm', whereby TE activity remains high while genome redundancy enables 23 rapid proliferation. On the other hand, polyploidy is often associated with elevated rates 1 of self-fertilization compared with diploid relatives, and both asexual reproduction and 2 high rates of selfing are common in polyploid lineages (reviewed in e.g. Mable lineages such as C. bursa-pastoris may thus experience a more modest increase in copy 5 number than outcrossers; it would be of interest to investigate similarly-aged outcrossing 6 allopolyploid lineages to assess whether TE accumulation is more dramatic in these 7 species. On the other hand, selfing tetraploid lineages are more likely to experience 8 severe founder events during polyploid origins, and strong genetic drift may further 9 contribute to relaxed selection following whole-genome duplication as we observed in C. 
